PREFACE
The data for this report were collected by investigators from the U.S. Army Natick Research, Development and Engineering Center from June through September 1987. This report describes urban scene colorimetric data obtained with the Natick Terrain Analysis Syste:n for use in the development of an urban camouflage pattern. These were evaluated by the Individual Protection Directorate (IPD), Natick under project No. 1Ll62786AH98AB029.
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5. The TAS has been usej to obtain data on various urban scenes, in order to provide improved camouflage protection for the individual soldier in urban areas. This report documents the scenes filmed and the data obtained in this study.
Procedure
Data was obtained by the TAS using the established data collection techniques3,4. Table 1 lists the scenes filmed and a short description of each one. Both rubble piles and building walls were included in the data collection. Scenes of rubble piles are designated as Type I, and scenes of building walls are Type II.
Results
Each scene was subje::ted to a clustering procedure which groups picture elements (pixels) in that scene together based on their color. These groups are called dornains. The optimum number of dornains needed to describe each scene was determined using the methodology developed by Natick in conjun~tion witn Decilog, Inc. of Melville, NY5. This method uses the calculated ratio of the between domain variance to the within domain variance, called Beta 4.
The critical value at which the domains account for 90% of the total variance is taken from a Table of Critical Values ofF, at the 90% level with n-1 degrees of freedom, where n is the number of domains6. The minimum nurnber of domains needed is determined by plotting the Beta 4 values as in Figure 1 .
In Figure 1 "' colors represented by the CIELAB values 8 . Table 2 is a summary version of Appendix B. Tables 3 to 5 contain selected CIELAB values from Appendix B.
Discussion
As indicated in Table 2 , 4 to 8 domains are needed to define the various scenes. Type I has an average of 6.1 domains, and Type II is 5.5. In many cases, more domains are needed than the software can display (5 is the maximum). This is due to the large variability of building materials and colors that can be used in an urban environment, compared to the number of colors to be found in a typical woodland scene. In many of the scenes, the percentage of the scene occupied by a given domain is small (< 10%). In comparison, the smallest area of the Woodland camouflage pattern, Black 357, comprises 16% of tne patt~rn.
As a :'Ieasure of the variability of the colors ln each scene, the mean color difference fro,11 the mean9 ( MCDM) was determined for the domains in each scene. The MCDM is calculated by determining the color difference for each They provide a measure of the variation in the scene and are reported in Table  2 . The larger the MCDM, the larger the color difference is between the various colors in the scene. As a point of reference, the MCDM for the standard Woodland pattern colors is 10.50. When the color differences for textile acceptability of 16 monotone shades and their limit samples were examined, the average color difference from the standard ranged from 0.32 to 2.4610. The Type II scenes show much less variation in color than the Type I scenes, asexpected for the more uniform building facades. Although a large number of domains are necessary to describe these scenes (4 to 8 domains), the color differences between the various domains is small. The MCDM's for the Type I scenes are much larger and of the same order of magnitude as the Woodland pattern. Figure 2 is an a* vs. b* plot of all of the domains, and Figure 3 is an L* vs. b* plot. L* is a measure of lightness, a* is a •neasure of tha redness (positive axis) or greenness (negative axis), and b* is a measur~ of the yellowness (positive axis) or blueness (negative axis). The minimum, maximum, average and weighted average (by percentage of total pixels assigned) CIELAB values for all of the donains are listed in Table 3 . Figures 4 to 7 and Tables 4 to 5 contain similar information for the domains separated by scene type (I or II). T~e Type I scenes vary over almost the entire lightness gamut (an L* of 0.0 corresponds to black and 100.0 to white) and the Type II scenes over a slig:ltly smaller range. Most of the points for both types fall within tile red, orange, yellow and neutral regions of color space. 
Conclusions
The collected terrain data, along with other data, were used in the development of candidate urban camouflage patterns. The elements of a camouflage pattP-rn must be discernible to be effectivell. If the various elements of the pattP-rn are too small (<10% of the pattern) or too close in color to other elements in the pattern (< approximately 2.5 CIELAB units), the pattern will quickly merge to a monotone. While 4 to 8 domains may be necessary to define the background scene, a smaller number of domains may be acceptable to define an effective camouflage pattern for use in that type of scene.
An additional factor to be considered in determining the number of colors to use in a camouflage print is the number of colors that can be readily controlled by industry in a production environment. For each shade in a pattern, a standard and :;olor tolerance must be established and maintained for procurement purposes. Also, many shades requir~ infrared spectral tolerances, so the various camouflage elements in the pattern must be large enough to be measured spectrophotometrically (greater than approximately 1" in dianJeter). A compromise must be reached between the number of colors necessary for effective camouflage and what can be produced by industry in quantity and at a reasonable cost. Another requirement is for a single pattern that can be used in both the Type I and Type II terrains.
While the Terrain Analysis System can help to identify colors and patterns for use in a particular type of terrain, a human observer must still make the final judgement as to how many colors will provide a good representation for camouflage purposes. The terrain data can then be clustered to the number of domains desired and a pattern produced for further testing. 
